This work proposes a new method for improving the functional properties of food proteins by intentional modification. Hen's egg white was used as an example of the food proteins to be improved. Commercially available egg white was freeze-concentrated using bacterial ice nuclei. The resulting increase in its solid content led to formation of a hard, but fragile gel by heat treatment at 90-120°C for 20 min. Whenmodified with arginine, it was changed to a viscoelastic product. Scanning electron microscopic and pulsed NMRobservations suggested that tight aggregation of constituent protein molecules occurred in the hard gel network by the heat treatment and that the aggregation partly became loose by the modification with arginine.
Much research has been done on heatinduced egg white gels to demonstrate that the functionalities of the gels were affected by pH, gelation temperature, and ionic strength.1~3) The data in these reports suggest that heatinduced egg white gels are soft, and that this property of the gels limits their application to food processing.
Egg white is difficultly denatured, when frozen.^This means that freeze-concentration can be applied to egg white. In our previous paper we proposed the use of ice nucleationactive bacterial cells as effective ice nuclei for freeze-concentration.5)
The method has two merits. One is that their addition to the sample to be concentrated can save cooling energy and reduce production costs, because the sample freezes with no great degree of supercooling.
The other is that the product keeps its freshness and original functionalities. The method of using ice nucleation-active bacterial cells as ice nuclei (seeds) has conventionally been applied to egg white to obtain concentrated egg white.5) This work was done with the idea that more viscoelastic gels can be obtained using con- 
Materials and Methods
Egg white. Raw egg white was separated from commercially available fresh hen's eggs and passed through a 48 mesh screen to obtain an egg white sample with 10%solid content. The egg white was freeze-concentrated as in our previous paper5} to obtain egg white samples with 20%and 30%solid contents.
Gelation. Each of the egg white samples before and after freeze-concentration was sealed in a can (5 x 20cm) and then heated at 90°C, 105°C, or 120°C for 20min. The can was cooled in running water for 1 hr and the heat-induced gel was taken out from the can.
Modification of the gel. Each of the formed gels for viscoelasticity and rupture measurements was dipped in 2% Tween-80, 2m urea, or 10%L-arginine at ambient temperature overnight and then washed in running water for another 24hr. The modified gel was wiped with filter paper.
Thermogram. Egg white (60mg) before concentration was sealed in a silver pod and then the pod was set in the sample chamber with thermometer (Daini-seikosha, SSC-540). Aluminum oxide (60mg) was used as a reference. The chamber was heated to 90°C at a rate of l°C/min. During heating a thermogram was recorded.
Viscoelasticity. Each sample gel was formed into a cylinder (2.2 x 2.0cm). A parallel plate viscoelastometer (Toyo Seiki Seisakusho) was used to obtain a creep curve of the formed gel. Viscoelastic constants were analysed by graphical procedure.6'7* Measuring time and temperature were set for 5 min and at 25°C, respectively.
Rupture property. A stress-strain curve of the gel (2.2 x 1.5cm) was obtained with a Dynagraph (Iio Denki Co.) under the conditions as follows: plunger diameter, 1.3 cm; compressive speed, 6.0cm/min; and deformation ratio, 80%. Rupture parameters (rupture strain, rupture stress, and rupture energy) were deduced from the stressstrain curve.8)
Scanning electron microscopic (SEM)observation. Each of the sample gels (2.2x2.0cm) was frozen at -20°C overnight. Observation was made on the freeze-cross sections of the gel with Hitachi S-510 scanning electron microscope of 1000 times magnification.
Wet SEMobservation. The cross section of the gel in a wet state was directly observed with an Akashi WS-250 wet scanning electron microscope at 1000 times magnification.
Pulsed NMRmeasurement. The gel was placed in an NMRsample tube and kept for 30min at 10°C. For measurements of spin-lattice relaxation time (7\) and spin-spin relaxation time (T2) of water protons in the gel, a pulsed NMRapparatus (Plaxis Model PR-1005) was operated at 10.72MHz at 10°C. The standard 90°-t-90°a nd 90°-t-180°pulse sequences were used for 7\ and T2 measurements, respectively. These measurements were then inserted into the following equations proposed by Berendsen9) to work out a molar fraction (p) of the bound water having an average molecular rotational correlation time (rc) of 10-8-10~7 sec.
where COQis the resonance angular frequency, ib is the average molecular rotational correlation time of bound water, tc is the molecular rotational correlation time of free water, y is the gyromagnetic ratio of the proton (2.675 x 104sec"1 G"1), and ftis the magnetic moment at a distance r.
Results and Discussion
Among the factors affecting protein gel properties, solid content, gelation temperature, and pHare considered to be important.
Wefirst examined the solid content effects and then the temperature and pH effects. Griswold10) described how in egg white an increase in viscosity was observed at 62-65°C, and gelation began at 70°C where a soft gel in a jelly state was obtained. An endotherm at 55°C corresponds to the viscosity increase and that at 65°C to gelation (Fig. 1) . Putting together Griswold's and our results, we tentatively set the gelation temperature at 90°C. Table I summarizes the solid content, gelation temperature, and pH effects on the viscoelastic and rupture parameters of the gels from egg white samples with and without freeze-concentration. Increasing solid content gave gels with increasing values of EH, EY, tjn, rupture stress, and rupture energy, t and rupture strain varied a little with the solid content.
Temperature and pHaffected gel properties to a Five independent measurementswere madefor one sample and each datum was expressed as an average, Standard deviations in all the data were below 10% of the respective averages.
a smaller extent then solid content. The results suggests that solid content is the most important factor influencing rheological properties of egg white gels and a high solid content gave a hard and fragile gel.
To clarify why a hard and fragile gel formed from concentrated egg white, microstructures of the gel were compared with those of a soft gel. Figure 3 shows scanning electron micrographs of them. Small ice crystals formed in the hard gel, probably because of its dense struc- a Units of the parameters are shown in the footnote in Table I . Five independent measurements were made for one sample and each datum was expressed as an average. Standard deviations in all the data were below 10% of the respective averages. b Gels were induced at 105°C atpH 9. ture (Fig. 3a) . Tight aggregation of egg white components was also observed in the hard gel (Fig. 3b) . NMRparameters, 7\ and T2, decreased, and the molar ratio of bound water to total water increased with solid concentration (Table II) . It should be noted here that the bound water content per unit weight of solid was smaller in the hard gel than in the soft gel.
This meansa decrease in a molecular surface area and supports the occurrence of the aggregation amongegg white components. Next, we tried to obtain a viscoelastic gel from the hard gel by partially dissociating the aggregation and by introducing more water into the gel networks. Whena surfactant as a hydrophobic bond dissociator was tried, the gradually changed to a paste. When the gel was dipped in 2m urea or 10% L-arginine as hydrogen bond dissociators overnight at an ambient temperature, it swelled a little and changed to a viscoelastic gel with decreasing EH, Ey, rjN, rupture stress, and rupture energy (Table III) . Ten percent arginine treatment was more favorable in this trial than 2murea treatment. These dissociators did not affect t or rupture strain.
All the results obtained in this work confirm that stuffs with different functionalities can be 2059 produced from one material by intentional treatments.
